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Dear Sir: 

1. This Declaration is to establish conception and reduction to practice of the 
invention of the present application in the United States at a date prior to May 21, 2003, which 
is the effective date of U.S. Patent No. 6,972,138 (the '138 patent) cited by the Examiner under 
35 U.S.C. § 102(e). 

2. The person making this Declaration is an inventor of the present application. 

3. To establish the date of conception and reduction to practice of the invention of 
the present application, the following attached document is submitted as evidence: 

A copy of U.S. Patent No. 6,808,817 (the '817 patent) filed on March 15, 2002. 

4. The '817 patent clearly demonstrates that I, Thomas Hubert Van Steenkiste, was 
an inventor of the '817 patent and constructively reduced to practice the invention of the present 
application on the filing date of the '817 patent. The '817 patent was filed prior to the effective 
date of the' 138 patent. 

5. From the attached document and the explanations in the paragraphs above, it can 
be seen that the invention of the present application was conceived of and reduced to practice 
prior to May 21, 2003. 

6. This Declaration is being submitted prior to a final rejection for the above- 
referenced application. 

7. As a person signing below: 

I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and further that 
these statements are made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 
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Date of Execution 

Country of Citizenship: U.S.A. 

Residence: 62500 Romeo Plank 
Ray, Michigan 48096 
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KINETICALLY SPRAYED ALUMINUM 
METAL MATRIX COMPOSITES FOR 
THERMAL MANAGEMENT 



TECHNICAL FIELD 




The present invention is directed to a method for forming 
and applying metal matrix composites to substrates to form 
heat sinks. The applied composites are especially useful for 1Q 
thermal jnanagement of high power density electrical com- 
ponents (such as silicon chips. 

INCORPORATION BY REFERENCE 

No. 6,139,913, "Kinetic Spray Coating Method 15 
iratus," and U.S. Pat. No. 6,283,386 "Kinetic Spray 
" are incorporated by reference herein. 

BACKGROUND OF THE INVENTION 
Durinjj the past 20 years the utilization of computer chips 20 
has increased dramatically. With this progress has come a 
subsequent decrease in the size of the chips and an increase 
in the density of electrical circuits on a given chip. These 
high-derjsity chips may have power densities as high as 10 
W/cm 2 . With the increase in power density of modern chips 
has com^ a concomitant increase in the need to thermally 
regulate jthe chips. These chips and other such high-density 
electrical components generate a tremendous amount of heat 
which must be dissipated to prevent damage to the chip. ^ 

Initially, the heat was dissipated by securing the chip to a 
heat sirjk material having high thermal conductivity. 
Examples of such materials include copper, aluminum, and 
diamond One difficulty associated with such solutions is 
that typically the heat sink material has a much higher 35 
thermal expansion coefficient than the silicon chip. For 
example! the thermal expansion coefficient of silicon is 4 
ppm ° CJ 1 while the expansion coefficient of aluminum is 24 
ppm ° Of 1 - Thus, during thermal cycling of the system the 
aluminum will expand to a much greater extent than the m 
silicon chip. This leads to debonding of the chip from the 
heat sir4_ 

In an effort to address this difficulty the industry has 
developed metal matrix composites formed from ceramic 
preforms that have been infiltrated with molten metal under 45 
high temperature and often high pressure to create a metal 
composite. The difficulty associated with this solu- 
' at the metal matrix composites made in that manner 
rimely costly to produce, can only be done with 
ceramic materials, and require inclusion of various 50 
Is such as silicon in the infiltrating metal in order 
0 prevdnt adverse reactions between the metal and the 
'c. Because the infiltration temperatures are generally 



or an air stream. The second layer is typically a metal matrix 
layer produced by high temperature infiltration of a molten 
metal into a ceramic preform and then secured to the 
baseplate. The third layer is some form of a dielectric 
material such as alumina, aluminum nitride, or beryllium 
oxide. The dielectric layer is necessary to provide electrical 
isolation between the silicon chip and the electrically con- 
ductive heat sink. Another metal matrix composite layer 
may be placed over the dielectric. Finally, another layer 
formed from copper or other solderable material is attached 
to the previous layer. Once this heat sink laminate is formed 
the silicon chip can be soldered to the last layer. 

Because of the difficulties associated with current tech- 
nology for forming metal matrix composites it would be 
advantageous to produce a metal matrix composite that did 
not require high temperatures during its production, that 
could be easily applied to a substrate surface, and that could 
be easily modified to provide different thermal conductivity 
and thermal expansion coefficients to the metal matrix 
composite so that it is optimized for the particular applica- 
tion. In addition, it would be advantageous to develop a 
system capable of forming metal matrix composites that are 
impossible to impractical to produce at the present time, 
such as for example, aluminum diamond metal matrix 



A new technique for producing coatings on a wide variety 
of substrate surfaces by kinetic spray, or cold gas dynamic 
spray, was recently reported in an article by T. H. Van 
Steenkiste et al., entitled "kinetic Spray Coatings," pub- 
lished in Surface and Coatings Technology, vol. Ill, pages 
62-71, Jan. 10, 1999. The article discusses producing con- 
tinuous layer coatings having low porosity, high adhesion, 
low oxide content and low thermal stress. The article 
describes coatings being produced by entraining metal pow- 
ders in an accelerated air stream, through a converging- 
diverging de Laval type nozzle and projecting them against 
a target substrate. The particles are accelerated in the high 
velocity air stream by the drag effect. The air used can be any 
of a variety of gases including air or helium. It was found 
that the particles that formed the coating did not melt or 
thermally soften prior to impingement onto the substrate. It 
is theorized that the particles adhere to the substrate when 
their kinetic energy is converted to a sufficient level of 
thermal and mechanical deformation. Thus, it is believed 
that the particle velocity must be high enough to exceed the 
yield stress of the particle to permit it to adhere when it 
strikes the substrate. It was found that the deposition effi- 
ciency of a given particle mixture was increased as the inlet 
air temperature was increased. Increasing the inlet air tem- 
perature decreases its density and thus increases its velocity. 
The velocity varies approximately as the square root of the 
inlet air temperature. The actual mechanism of bonding of 
the particles to the substrate surface is not fully known at this 
believed that the particles must exceed a 



in the range of 800° C. or higher reactions between the metal 

and the ceramic occur that lead to degradation in the thermal 55 velocity prior to their being able to bond to the substrate. The 

avity of the final metal matrix composite. The goal of critical velocity is dependent on the material of the particle, 

these mltal matrix composites is to produce a composite The work reported in the Van Steenkiste et al. article 

material j that maintains the high thermal conductivity of the improved upon earlier work by Alkimov et al. as disclosed 

metallic | element while adding the low thermal expansion in U.S. Pat. No. 5,302,414, issued Apr. 12, 1994. Alkimov et 

coefficiept of the ceramic to reduce differential expansion go al. disclosed producing dense continuous layer coatings with 

and contraction of the heat sink relative to the silicon chip. powder particles having a particle size of from 1 to 50 

In a tyjpical construction of a silicon chip with an attached microns using a supersonic spray, 

heat sink the first step is formation of the heat sink laminate. The Van Steenkiste article reported on work conducted by 

Then tbi laminate is attached to the silicon chip. The first the National Center for Manufacturing Sciences (NCMS) to 

laminatd layer is generally a baseplate formed from a pure 65 improve on the earlier Alkimov process and apparatus. Van 

metal having a high thermal conductivity such as aluminum Steenkiste et al. demonstrated that Alkimov's apparatus and 

or copper that will be placed in the flow of a water stream process could be modified to produce kinetic spray coatings 
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using particle sizes of greater than 50 microns and up to 
about 106 microns. 

This modified process and apparatus for producing such 
larger particle size kinetic spray continuous layer coatings 
are disclosed in U.S. Pat. Nos. 6,139,913, and 6,283,386. ! 
The process and apparatus provide for heating a high 
pressure air flow up to about 650° C. and combining this 
with a flow of particles. The heated air and particles are 
directed through a de Laval-type nozzle to produce a particle 
exit velocity of between about 300 m/s (meters per second) 1 
to about 1000 m/s. The thus accelerated particles are 
directed toward and impact upon a target substrate with 
sufficient kinetic energy to impinge the particles to the 
surface pf the substrate. The temperatures and pressures 
used are| sufficiently lower than that necessary to cause 3 
particle rnelting or thermal softening of the selected particle. 
Therefoije, no phase transition occurs in the particles prior to 
impingement. 

The present invention relates to a kinetic spray method of 
formingjmetal matrix composites for use in heat sink lami- 2 
nates. The method is capable of quickly producing metal/ 
ceramic composites that were not previously obtainable and 
applying them to substrates under very low thermal stress. 
The invention is particularly suitable for thermal manage- 
ment of iilicon chips and other high power density electrical 2 



SUMMARY OF THE INVENTION 



FIG. 5 is a schematic drawing of a heat sink laminate 
prepared according to the present invention secured to a 



comprises a method for formation 



providin ; 
opposite 
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entrained 
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embodiment the present invention is a method of ■ 
heat sink laminate comprising the steps of: 
i layer of a dielectric material having a first side 
t second side; entraining a particle mixture com- 
least one of a metal, an alloy or mixtures thereof 
imic or mixture of ceramics into a flow of a gas, ; 
a temperature insufficient to cause thermal soft- 
the particle mixture; directing the particle mixture 
the flow of gas through a supersonic nozzle 
opposite the first side of the dielectric material and 
the particle mixture to a velocity sufficient to , 
adherence of the particle mixture onto the first side 
ic material and thereby forming a metal matrix 
layer on the first side of the dielectric material; 
ally coupling the second side of the dielectric 
i a heat sink baseplate, thereby forming the heat , 



second embodiment the present invention is heat sink 
comprising a lrinetically sprayed metal matrix 
; layer on a first side of a dielectric material and a 
heat sink baseplate thermally coupled to a second side of the . 
dielectritt material, the second side opposite the first side. 

b4ief description of the drawings 

In the [drawings: 

FIG. llisa generally schematic layout illustrating a kinetic : 
spray syjstem for performing the method of the present 

FIG. ^ is an enlarged cross-sectional view of a kinetic 
spray no|zzle used in the system; , 

FIG. 3 is a scanning electron micrograph of an Aluminum 
diamond! composite deposited according to the present 
inventiofl; 

FIG. 4j is a graph illustrating the effect of post-deposit heat 
treatment on the thermal conductivity of an aluminum/ i 
silicon carbide metal matrix composite deposited according 
to the present invention; and 



The pi 



laminates. The method includes use of a kinetic spray 
process as generally described in U.S. Pat. Nos. 6,139,913, 
6,283,386 and the article by Van Steenkiste, et al. entitled 
"kinetic Spray Coatings" published in Surface and Coatings 
Technology Volume III, Pages 62-72, Jan. 10, 1999, all of 
which are herein incorporated by reference. 

Referring first to FIG. 1, a kinetic spray system for use 
according to the present invention is generally shown at 10. 
System 10 includes an enclosure 12 in which a support table 
14 or other support means is located. A mounting panel 16 
fixed to the table 14 supports a work holder 18 capable of 
movement in three dimensions and able to support a suitable 
substrate material to be coated. The enclosure 12 includes 
surrounding walls having at least one air inlet, not shown, 
and an air outlet 20 connected by a suitable exhaust conduit 
22 to a dust collector, not shown. During coating operations, 
the dust collector continually draws air from the enclosure 
12 and collects any dust or particles contained in the exhaust 
air for subsequent disposal. 

The spray system 10 further includes an air compressor 24 
capable of supplying air pressure up to 3.4 MPa (500 psi) to 
a high pressure air ballast tank 26. The air ballast tank 26 is 
connected through a line 28 to both a high pressure powder 
feeder 30 and a separate air heater 32. The air heater 32 
supplies high pressure heated air, the main gas described 
below, to a kinetic spray nozzle 34. The temperature of the 
main gas varies from 100 to 3000° C, depending on the 
powder or powdeis being sprayed. The pressure of the main 
gas and the powder feeder varies from 200 to 500 psi. The 
powder feeder 30 mixes particles of a powder or a powder 
mixture of particles with unheated high-pressure air and 
supplies the mixture to a supplemental inlet line 48 of the 
nozzle 34. The particles are described below and may 
comprise a metal, an alloy, a ceramic, a polymer, or mixtures 
thereof. A computer control 35 operates to control both the 
pressure of air supplied to the air heater 32 and the tem- 
perature of the heated main gas exiting the air heater 32. As 
would be understood by one of ordinary skill in the art, the 
system 10 can include multiple powder feeders 30, all of 
which are connected to supplemental feedline 48. For clarity 
only one powder feeder 30 is shown in FIG. 1. Having 
multiple powder feeders 30 allows one to rapidly switch 
between spraying one particle population to spraying a 
multiple of particle populations. Thus, an operator can form 
zones of two or more types of particles that smoothly 
transition to a single particle type and back again. 

FIG. 2 is a cross-sectional view of the nozzle 34 and its 
connections to the air heater 32 and the supplemental inlet 
line 48. A main air passage 36 connects the air heater 32 to 
the nozzle 34. Passage 36 connects with a premix chamber 
38 which directs air through a flow straightener 40 and into 
a mixing chamber 42. Temperature and pressure of the air or 
other heated main gas are monitored by a gas inlet tempera- 
ture thermocouple 44 in the passage 36 and a pressure sensor 
46 connected to the mixing chamber 42. 

The mixture of unheated high pressure air and coating 
powder is fed through the supplemental inlet line 48 to a 
powder injector tube 50 comprising a straight pipe having a 
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predetermined inner diameter. The predetermined diameter that includes a plurality of powder feeders 30 enables one to 

can range from 0.40 to 3.00 millimeters. Preferably it ranges produce an endless variety of mixes of particles exiting the 

from 0.40 to 0.90 millimeters in diameter. The tube 50 has nozzle 54 to coat a substrate. The system 10 permits one to 

a central axis 52 which is preferentially the same as the axis create coatings that initially are composed of a plurality of 

of the premix chamber 38. The tube 50 extends through the 5 components and then as the coating layer is built up supply 

premix chamber 38 and the flow straightener 40 into the of one or more of the part ; c i es may be stopped thus enabling 

mixing chamber 42. ^ CO ating to transition to a different composition from that 

Mixing chamber 42 is in communication with the de initially coated on the substrate. Typically, the size of 

Laval type nozzle 54. The nozzle 54 has an entrance cone 56 part i c ies utilized in the powder feeders 30 ranges from 1 to 

that decreases in diameter to a throat 58. Downstream of the 10 110 m i crons . utilizing the system 10 it is now possible to 

throat is an exit end 60. The largest diameter of the entrance produce meta] matrix compositions that previously were 

cone 56 may range from 10 to 6 millimeters, with 7.5 only possible utilizing the above-mentioned method of infil- 

milhmeters being preferred. The entrance cone 56 narrows ^ , molten metal mt0 a preformed KTlan ^ The system 

to the throat 58. The throat 58 may have a diameter of from 10 has been utilized t0 duce metal matrix compositions 

3.5 to 15 millimeters, with from 3 to 2 millimeters being 15 mat comprise one or more metals or all m combination 

preferred. The portion of the nozzle 54 from downstream of wi , h ODe or more ceramics. Metals that have been utilized 

the throat 58 to the exit end 60 may have a variety of shapes, mchlde a]um i num , copper, tin alloys, steel alloys and other 

but in a preferred embodiment it has a rectangular cross- a]] The ceramics tnat nave beeQ milized indude 

sectional shape. At the exit end 60 the nozzle 54 preferably diam0 nd, silicon carbide, and aluminum nitride. As would 

has a rectangular shape with a long dimension of from 8 to 20 be underst ood by one of ordinary skill in the art, however, 

14 millimeters by a short dimension of from 2 to 6 milli- other metals> all and ceramic materiaU can be utilized to 

meters. The distance from the throat 58 to the exit end 60 form lhe subject metal matrjx composites . 

may vary from 60 to 400 millimeters. „ ,. , , .... . * , . 

» j- i j ■ it n n vr et^nn,- j , M *h e coatings produced utihzing the present method have 

As disclosed ,n U.S. Pat. Nos. 6 139,913 and 6,283,386 ^crmA ^JLites that are nearly equal to or in some 

the powder injector tube 50 supphes a particle powder 2S cas6s exceed that of the pure metal utilized to form the metal 

mixture to the system 10 under a pressure m excess of the matrix composit i on . i n Edition, these composite coatings 

pressure of the heated mam gas from the passage 36. The have , , hermal coefficienl of ion ^ much ^ 

°? f 5 lP roduces 311 exlt ve ^ oclt y °[ th ° en ^ ed P artlcles than the pure metal and closer to that of silicon. Therefore, 

of from 300 meters per second to as high as 1200 meters per me coalin of , he , mvenlion wil] reduce tfle d 

second. The entrained particles gain kinetic and thermal 30 caused by thermal cycling of the silicon component. Also, 

energy during their flow through his nozzle. It will be sincc thc y particles ^ n( f ver mcltcd the proc P ess alsl , dra : 

recognized by those of skill in the art that the temperature of maticaU ^ ^ thermal slress ^ ^ fa 

the particles ,n the gas stream will vary depending on the (hc co J t[ , ious ^ matrfx ^ions 

particle size and the main gas temperature. The main gas In additi (he oyerall , ature duri formation of the 

temperature is denned as the temperature of heated high- 35 meta i matrix compositions of the present mvention is much 

pressure gas at the mlet to the nozzle 54. These temperatures lower , han , ha , durm £ rfor ^ ^ matfix 

and the exposure time of the particles are kept low enough compositions formed by infiltration of a molten metal into a 

tha the particles are always at a temperature below their ceramic form the melal matrix compositions 

melting temperature so even upon impact, there is no change of , he ol do no , it reactions ^ 

m the solid phase of the original particles due to transfer of 40 meIa , ^ the ceramic of ^ ^ fflalrix sition . 

kinetic and thermal energy, and therefore no change in their ^. .. ... , * , 

original physical proper.^. Tne particles exiting fhe nozzle ™ e ^ 1D — can be *di*d to coat any of a large 

54lre directed toward a surface of a substrate to coat it. 1™* °/ ^Vl^ 

TI .... , „ , ... . , that are formed from several microns to several centimeters 

™$T fl » ? SUbS rv TT ^ n0ZZle 5 , 4 f mthickness.Typically.theamountofceramicinthemixture 

particles flatten into a nub-hke structure with an aspect ratio 45 of m etal and ceramic used to form the metal matrix com- 

of generally about 5 to 1. When the substrate is a metal and itjon ^ 30 tQ 70% b wej b( based on me tota , 

the particles include a metal, all the particles striking the ^ of ^ mixture ^ ^ gas te mperature that is 

substrate stir ace fracture the oxidation on the surface layer u , n f zed for acceleratjng the p^ksSS™^ 

, T^li P^rt^l^sequently form a direct me al-to- ^ ffom 1(x) . Q a / ^^ly 17 00° C. The main 

metal bond between he metal particle and the metal sub- 50 temperature utilized depends on the identity of the metal 

strate. Upon impac the kinetic sprayed particles transfer of aU utaized (0 form £ ^ ^ ^ 
substantially all of their kinetic and thermal energy to the 

substrate surface and stick if their yield stress has been EXAMPLE 1 

exceeded. As discussed above, for a given particle to adhere Using the system 10 as described above, a series of metal 

to a substrate it is necessary that it reach or exceed its critical 55 matrix composite coatings were produced and their thermal 

velocity which is defined as the velocity where at it will conductivity before and after a post-coating heat treatment 

adhere to a substrate when it strikes the substrate after were measured. The starting powder material comprised: 

exiting the nozzle 54. This critical velocity is dependent on 100% aluminum: a 50% by weight aluminum to 50% by 

the material composition of the particle. In general, harder weight silicon carbide mixture; or a 50% by weight alumi- 

materials must achieve a higher critical velocity before they 6 o num to 50% by weight diamond mixture. These particle 

adhere to a given substrate. It is not known at this time mixtures were then sprayed through the system 10 at a 

exactly what is the nature of the particle to substrate bond; temperature of approximately 500° C. at pressures of from 

however, it is believed that a portion of the bond is due to 300 to 350 psi. The mixtures were sprayed onto an alumi- 

the particles plastically deforming upon striking the sub- nU m substrate to form a 5 to 20 millimeter thick metal matrix 

strate - 65 composition coating. A portion of the coated substrates were 

The kinetic spray system 10 is extremely versatile in subjected to a post-coating treatment of heating to 550° C. 

producing any of a variety of coatings. Utilizing a system 10 in air for approximately one hour. The thermal conductivity 
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of all of the coatings was then measured both before and 
after the heat treatment. The results of these experiments are 
presented in Table 1 below. 



Measured Conductivity, 



Thermal 
Conductivity, 
Post-550" C. 



Density (% as-Sprayed Treatmer, 
Theoretical) (Wnr 10 C.- 1 ) (Wnr 10 C. 



It can be seen from the data that the system 10 is capable 
1 ' g metal matrix composite coatings that have 
thermal Conductivities as good as or even better than that of 7 



the f 



d the thermal conductivity of the coatings can be 
d by heat treatment in air. It is also possible to use 
is the atmosphere during the heat treatment. It 
y that the heat treatment occur for all coatings 3 
of the prisent invention but it can be useful depending on the 
identity 6f the metal matrix composite. In addition, it can be 
seen frcim Table 1 that for aluminum/diamond and 
aluminurp/silicon carbide coatings the heat treatment step 
ig is advantageous. 3 
In FIG). 3 a scanning electron micrograph of an aluminum 
diamond! metal matrix composite deposit according to the 
present invention is shown generally at 80. The dark regions 
82 are diamond particles and the lighter regions 84 are the 
aluminuih particles. The distribution of diamond particles 4 
throughout the aluminum layer is rather uniform. 

A graJih of the effect of the post-coating heat treatment 
temperature on the thermal conductivity of an aluminum 
silicon carbide metal matrix composite deposited according A 
to the present invention is shown in FIG. 4. The results show 
in FIG. 4 were obtained after a one hour treatment of the 
alumimiip silicon carbide metal matrix composite at the 
indicated temperature. The results in FIG. 4 demonstrate a 
peak in the increase in thermal conductivity following heat 5 
treatment at 550" C. The affect of heat treatment on the 
thermal conductivity varies by the composition of the metal 
matrix composite and some metal matrix composites may 
not be positively affected by a post-coating heat treatment. 

In FIG. 5, a heat sink laminate in accordance with the 5 
present invention is shown generally at 100 attached to a 
silicon chip 112. In one embodiment of the method of the 
present invention one initially begins with a layer of a 
dielectric! material 102 such as, for example, alumina, alu- 
minum nitride, or beryllium oxide. Other dielectric materials 
are knowha to those of ordinary skill in the art and can be 
used in the present invention. The dielectric layer 102 
generally| has a thickness ranging from %ooo to 40 /iooo of an 

A metal matrix composite formed according to the present 
invention is kinetic spray coated onto a first side of the 



e matrix. In the attachment 



dielectric material 102 to form a metal matrix composite 
layer 104. As discussed above, the metal matrix composite 
is formed by combining particles of a metal, an alloy, or 
mixtures thereof with particles of one or more ceramics such 
as diamond, silicon carbide, or aluminum nitride and then 
spraying the particles through the kinetic spray system 10. 
Other metals could be utilized such as copper, tin, or steel. 
Generally, the metal matrix composite layer 104 has a 
thickness of from 0.5 to 4.0 millimeters. The ratio of metal 

3 or alloy to ceramic is selected to provide the desired thermal 
conductivity and thermal expansion coefficient that is appro- 
priate for the application. The present invention permits one 
to tailor the metal matrix composite to produce a layer with 

s the desired thermal conductivity and coefficient of expan- 
sion. 

Then an attachment layer 106 formed from a metal or an 
alloy is applied to the metal matrix composite layer 104. In 
one embodiment the attachment layer 106 is applied by the 
3 kinetic spray system 10 either by stopping the feed of the 
ceramic particles while continuing to feed the metal or alloy 
used to form the metal matrix composite layer 104 or in a 
separate coating step using the system 10 and only a metal 
or alloy particle feed. Alternately other coating methods 
know to those of ordinary skill in the art can be used to apply 
layer 106. 

The next step can vary, in one embodiment a second side 
of the dielectric material 102 opposite the first side is 
directly attached to a heat sink baseplate 108 formed from a 
material such as a pure metal of, for example, aluminum, 
copper, or other metal having a high thermal conductivity. 
Alternatively, and as an option, a second metal matrix 
composite layer 110 can be kinetically sprayed onto the 
second side of the dielectric material 102 and then the 
second metal matrix composite layer 110 can be attached to 
the baseplate 108. As would be understood by one of 
ordinary skill in the art these steps could be performed in a 
different order without departing from the invention. For 
example, one could begin with the baseplate 108 and work 
up to the attachment layer 106. 

At this point the laminate 100 can be treated with a 
post-coating heat treatment under air or an inert gas atmo- 
sphere as described above to increase the thermal conduc- 
tivity of the metal matrix composite layers 104, 110 or layer 
104. Finally, the silicon chip 112 is secured to the attachment 
layer 106, generally by soldering it to attachment layer 106, 
however any suitable attachment method can be used. 

While the preferred embodiment of the present invention 
has been described so as to enable one skilled in the art to 
practice the present invention, it is to be understood that 
variations and modifications may be employed without 
departing from the concept and intent of the present inven- 
tion as defined in the following claims. The preceding 
description is intended to be exemplary and should not be 
used to limit the scope of the invention. The scope of the 
invention should be determined only by reference to the 
following claims. 

What is claimed is: 

1. A method of forming a heat sink laminate comprising 
the steps of: 

a) providing a layer of a dielectric material having a first 
side opposite a second side; 

b) entraining a particle mixture comprising at least one of 
a metal, an alloy or mixtures thereof and a ceramic or 
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mixture of ceramics into a flow of a gas, the gas at a 
temperature insufficient to cause thermal softening of 
the particle mixture; 
c) directing the particle mixture entrained in the flow of 
gas through a supersonic nozzle placed opposite the .< 
firsi side of the dielectric material and accelerating the 
panicle mixture to a velocity sufficient to result in 
adhsrence of the particle mixture onto the first side of 
the dielectric material and thereby forming a metal 



velocity sufficient to result in adherence of the particle 
mixture onto either the second side of the dielectric 
material or the baseplate, thereby forming a second 
metal matrix composite layer; and 
then directly attaching the other of the second side of the 
dielectric material or the baseplate to the second metal 
matrix composite layer. 
13. The method of claim 1, comprising the further step of 
providing an attachment layer on the metal matrix composite 



ix composite layer on the first side of the dielectric 10 layer, 

material; and 14, The method of claim 13, further comprising entraining 

) thermally coupling the second side of the dielectric a particle mixture comprising a metal, an alloy or mixtures 

a heat sink baseplate, thereby forming the thereof into a flow of a gas, the gas at a temperature 

minate. insufficient to cause thermal softening of the particle mix- 

2. Th^ method of claim 1, wherein step a) comprises 1? ture; 



providin ; a layer comprising alumina, aluminum nitride, 
berylliui l oxide or a mixture thereof. 

3. Th< method of claim 1, wherein step a) further com- 
prises pioviding a layer of a dielectric material having a 



thicknes, of from 3/1000 to 40/1000 of an inch. 
4. The method of claim 1, wherein step b) comprises 



directing the particle mixture entrained in the flow of gas 
through a supersonic nozzle placed opposite the metal 
matrix composite layer and accelerating the particle 
mixture to a velocity sufficient to result in adherence of 
the particle mixture onto the metal matrix composite 
layer, thereby forming the attachment layer, 
entraining a particle mixture comprising at least one of 15. The method of claim 13, comprising the further step 
aluminurn, copper, tin, an alloy or mixtures thereof and a of securing a silicon chip to the attachment layer, 
ceramic br mixture of ceramics into the flow of the gas. 16. The method of claim 15, comprising soldering the 

5. Th< method of claim 1, wherein step b) comprises 25 silicon chip to the attachment layer, 
entraining a particle mixture comprising at least one of a 17. The method of claim 1, comprising the further step of 
metal, arj alloy or mixtures thereof and a ceramic comprising maintaining the heat sink laminate at a temperature of at 
diamond^ aluminum nitride, silicon carbide, or mixtures least 100 degrees Celsius in an atmosphere comprising air, 
thereof into the flow of the gas. an inert gas, or mixtures thereof for a period of time 

~ i method of claim 1, wherein step b) comprises 30 sufficient to increase the thermal conductivity of the heat 



sink laminate. 

18. The method of claim 17, comprising maintaining the 
heat sink laminate in an argon atmosphere. 

19. The method of claim 17, comprising maintaining the 
heat sink laminate at a temperature of at least 100 degrees 
Celsius for a period of time from 1 to 6 hours. 

20. A heat sink laminate comprising a kinetically sprayed 
metal matrix composite layer on a first side of a dielectric 
material and a heat sink baseplate thermally coupled to a 
second side of said dielectric material, said second side 
opposite said first side. 

21. The heat sink laminate of claim 20, wherein said metal 
layer comprises a metal, an alloy, or 



a particle mixture having particles with a nominal 
average diameter of from 50 to 106 microns and comprising 
it least c|ne of a metal, an alloy or mixtures thereof and a 
>r mixture of ceramics into the flow of the gas. 
I method of claim 1, wherein step b) comprises 
ik a particle mixture comprising at least one of a 
inalloy or mixtures thereof and a ceramic or mixture 
of ceramics into a flow of a gas, the gas at a temperature of 
from 100 to 1700 degrees Celsius. 4 
~ jethod of claim 1, wherein step b) comprises 
i particle mixture comprising from 70 to 30 
percent by weight based on the total weight of the mixture 
of at least one of a metal, an alloy or mixtures thereof and 

from 30 to 70 percent by weight based on the total weight 45 mixtures thereof and a ceramic or mixture of ceramics, 
of the m xture of a ceramic or mixture of ceramics into the 22. The heat sink laminate of claim 20, wherein said metal 
flow of the gas. matrix composite layer comprises from 80 to 30 percent by 

9. Th< method of claim 1, wherein step c) comprises weight of least one of a metal, an alloy or mixtures thereof 
accelerating the particle mixture to a velocity of from 300 to and from 20 to 70 percent by weight of a ceramic or mixture 
1200 meters per second. 50 of ceramics. 

10. Tie method of claim 1, wherein step c) comprises 23. The heat sink laminate of claim 20, wherein said metal 
forming i metal matrix composite layer having a thickness matrix composite layer is from 0.5 to 
of from 0.5 to 4.0 millimeters. 

11. Trie method of claim 1, wherein step d) comprises 
attaching the heat sink baseplate directly to the second side 5 
of the dielectric material. 

12. The method of claim 1, wherein step d) further 
comprises entraining a particle mixture comprising a metal, 
an alloy or mixtures thereof and a ceramic or mixture of , 
ceramics: into a flow of a gas, the gas at a temperature 
insufficient to cause thermal softening of the particle mix- 



directihg the particle mixture entrained in the flow of gas 

throligh a supersonic nozzle placed opposite one of the 65 of an inch, 

secrind side of the dielectric material or the heat sink 28. The heat sink h 

baseplate and accelerating the particle mixture to a an attachment layer < 



24. The heat sink laminate of claim 20, wherein said metal 
matrix composite layer comprises aluminum, copper, tin, 
steel, or mixtures thereof. 

25. The heat sink laminate of claim 20, wherein said metal 
matrix composite layer comprises diamond, aluminum 
nitride, silicon carbide, and mixtures thereof. 

26. The heat sink laminate of claim 20, wherein said 
dielectric material comprises alumina, aluminum nitride, 
beryllium oxide, or mixtures thereof. 

27. The heat sink laminate of claim 20, wherein said 
dielectric material has a thickness of from 3/1000 to 40/1000 



linate of claim 20, further comprising 
i said metal matrix composite layer. 
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30. The heat sink laminate of claim 29, wherein said 
attachment layer comprises a metal, an alloy, or a mixture 
thereof Ijinetically sprayed onto said metal matrix composite 



31. The heat sink laminate of claim 28, further 
a silicon chip secured to said attachment layer. 

32. lie heat sink laminate of claim 31, 
silicon chip soldered to said attachment layer. 
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33. The heat sink laminate of claim 20, wherein said heat 
sink baseplate is directly attached to said second side of said 
dielectric material. 

34. The heat sink laminate of claim 20, further comprising 
a second metal matrix composite layer kinetically sprayed 
onto one of said second side of said dielectric material or 
said heat sink baseplate and attached to the other of said 
second side of said dielectric material or said heat sink 



